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[57] ABSTRACT 

For step motors positioned in response to an external 
reference location, correction for potential one step 
misalignment is provided. The method and the appara- 
tus of the invention provide a read/write memory, for 
storing therein a phase state of the step motor at a par- 
ticular location, e.g. a home position. The home posi- 
tion may coincide with the external reference location 
or may be offset therefrom by some predetermined 
move of the step motor. During cold starts, where 
memory is not retained, the step motor is moved to its 
home position and then the phase state of the machine is 
saved. On subsequent warm starts, after the step motor 
is moved to the assumed home position, the step motor 
is controlled to assume the phase state that has been 
previously stored. 

9 Claims, 9 Drawing Figures 
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reference. The motor may be positioned the given num- 

SELF-ADJUSTING HOMING FOR A STEPPING ber of steps under single step operation, a constant ve- 

MOTOR locity or even a slewing type move. 

Position repeatability in accordance with the inven- 

DESCRIPTION 5 tion is enhanced by performing an initialization proce- 

1. Technical Field dure. The initialization procedure that is performed is 
The present invention relates to stepping motors and either a first type of initialization procedure for a "cold" 

more particularly to a method and apparatus for elimi- start or a second type of initialization procedure which 

nating single step errors in open loop stepping motor is performed for a "warm" start. In order to perform the 

systems. initialization procedure in accordance With the inven- 

2. Background Art tion, the stepping motor system is provided with a 
Known stepping motors are exUemely accurate in read/write memory as well as the ability to distinguish 

providing relative translation or rotation; this exUeme whether a "warm" or "cold" start is being executed, 
accuracy has led to popular use of open loop stepping The difference between a "wOTi".and a "cold" start is 
motor systems m which reliance for accuracy is whoDy 15 tha^»a.^'cold^^iar?^aSrnory is not retained from prior- 
placed on the steppmg motor. Since the stepping motqr-r^^operation whereas memory has^ been retamed^ at the 

IS only capable of providmg relative location, some "warm" start - — ^ _ ^ 

external reference information must be proWded in The ^tialization procedure includes: 

order to assure accurate absolute positiomng. Such an n\ fj,- « * ^ u i- 

external reference is usually provided in the form of 20 (O^ergizmg the motor and aUowmg it to stabilize; 

some position sensor which provides a signal (such as a /ox ♦ • *t. * . , i» 

transition in voltage or current) at a particular absolute ^^PP^"? """^ ^"'""""^ 

position, which wiU be sometimes referred to as the _ » 

reference location or position. Typically, moves of the starts, the last step of the procedure re- 
motor are defined with respect to a home position 25 ^^^^ ^ P*^^ *° ^^ate 
which may, but need not be, coincident with the refer- correspond to the reference position or to a related 
ence location, so long as the home position can be iden- home position. 

tified relative to the reference location. Once the motor "warm" starts, after the external reference is 

is at the home position, subsequent relative moves can recognized, the motor is controlled first to move in 
be correlated to an absolute location by tracking the 30 accordance with the predetermined offset between the 
number of steps from the home position. Examples of reference location and assumed home position, if any, 

such open loop positioning techniques are found in U.S. and then to bring it into coincidence with the previously^ 

Pat Nos. 3,944,902; 3,992,614; 4,066,943; 4,409,530 and saved phase state and a sufficient delay is exa:utedjo^ 

3,986,094. allow the motor to settle into that state. In accordance 

<JT TA/f x/f A p V rkP -TOR iMvcT^io vf "warm" start initialization procedure, a motor 

SUMMARY OF THE INVENTION adjustment of + 1, 0 or - 1 steps is possible for 

In these, and in any other system in which absolute reasons which should be apparent 

positioning depends on an external reference, the ester- It is quite common for a stepping motor system to 

nal reference or some position referenced to the exter- operate discontmuously, that is, the system may operate 
nal reference is considered to correspond to a predeter- 40 during a first period of time, be turned off and then 

^^J'}^f^, state. See for example U.S. Pat. No. turned back on to operate during a second period of 

3.986.094 (col 10 at hne 52) and U.S. Pat. No. 4 066.943 Hme. In many cases {here is a de^re (or necessity) for 

(coL 7, hne 29 et seq). This arrangement works qiute the motor to reposition itself during the second period 

)!fc. fT^r H "t*^. be unambigu- ti^^ ^ an identical position attained in the first 
ously defined and correlated with the predeteimmed 45 period of operation. 

Snf mntn?iS;lT fh^^ '^^ P^°' ^ approaches wUl. given the loose manu- 

Steppmg motor systems, the external reference may be f„„*„^«„ ♦^i^ ™ « v u * * i ^ ■ 

located at or nJ a phase state transition. Under these ,t Z-H T ^^^^ 

conditions the home position may vary by a single step f J?^ ^l^"^ °^fj' 

depending on wheth^or not the external reference is 50 f"^""' i!^ehmmated by employmg the mvenUon, as foL 
physically correkted with one phase state or its adja- * cfTcctf^, the steppmg 

cent phase state. This can result in a one step misalign- "'^^^^ ^^^^^ thereafter operate quite discontinu- 
ment error between sequential motor initializations. Of ^ ^ provision is made for effecting only 

course, tiiis problem can be overcome by tightening °° misalignment will occur due to initial- 

manufacturing tolerances (with the associated increase 55 procedures. This of course requires memory 

in cost), or may require an undesirable manual adjust- retaition. but this is possible using a conventionally 
ment step in the course of manufacture (with an associ- available non-volatile memory for retaining phase state 
ated cost). It is thus an object of the present invention to information. A non- volatile memory may be eliminated 
provide a method and apparatus for overcoming such s° ^^^S as power to a volatile phase state memory is 
one step misalignment errors in enhancing the stepping 60 continuous. 

motor's position repeatability. In accordance with the preferred embodiment of the 

It should be clearly understood that while we have invehliozi the rc^/^rite phase state memory^ caitbe a 
referred to an external reference and a home position, in conventio n ran dom access memory with a battery 
some instances these may be identical, but need not be backupT^*****^ 

so. Thus, the home position is necessarily defined with 65 The phase state saved can be that corresponding to 
respast to the external reference, but it need not be the external reference or a related phase state. For ex- 
identical thereto. For exaniple the home position can be ample there may be a fixed number of steps between the 
defined as a particular number of steps from the external external reference and home position. In this case, the 
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phase adjustment can be made at the home position and reference can be employed in accordance with the in- 

not when the external reference is sensed. vention. 

By employing the invention the one step misalign- FIG. 3 shows a bar chart correlating, for the step 

ment error which may exist between "warm" starts is motor 10, step motor phase state, rotor displacement 
eliminated. 5 and the external reference location. As shown in FIG. 3 

Accordingly, the invention provides a positioning the phase states occur in a sequence which repeats, 

device including: Thus for example rotor step positions 2 and 6 have an 

a stepping motor; identical phase state. FIG. 3 assumes that the external 

position sensor means coupled to the step motor to reference location corresponds to phase state C at rotor 
generate a position signal when the step motor is at 10 step 3. If we could be assured that the external reference 

a predetermined location; would always be located within the boundaries of the 

read/write memory means for storing data defining a phase state C, there would be no need for the invention. 

phase state of the step motor; The problem solved by the invention arises because 
means for determining availability of previously writ- '^^^ manufacturing tolerances result in the external 
ten phase state data in said read/write memory reference location sometimes lying near a phase state 
means; and boundary and in that case the external reference may 
correction means for driving said stepping motor to eventually correspond to either phase state B or C lead- 
bring an actual phase state of the stepping motor to the one step misalignment. As has already been 
into correspondence with the stored data in re- described, the home location may correspond to the 
sponse to operation of said position sensor means. external reference. FIG. 4 shows a different arrange- 
In accordance with this aspect, the invention also f^^^ wherein the external reference is offset by n steps 
includes means enabled in response to a determination position. FIG. 5 shows an arrangement 
of the lack of previously written phase state data by said * ^^^^^ " ^teps between exter- 
means for determining, to detect a phase state of the nal reference and home location but which differs from 
step motor- and * ^ manner m which that offset is imple- 
write m^ for writing said detected phase stete of "^^^^^d; FIG. 5 specifically suggests a move including a 

the step motor into said read/write mLory means. l^^'^T * ''^^ ^ "^'^fT 

*^ ^ arrangement relating the external reference and the 

BRIEF DESCRIPTION OF THE DRAWINGS home position. More particularly, with the stepping 

The present invention will now be described in the moving at slew speed the external reference is 

following portions of the specification when taken in "f"^' thtrcafttr the steppmg motor is brought to a 

. SJ' iT J J 1.. u 11 Stop in n steps wherem some or all of the motion may be 

conjunction with the attached drawmgs in which like hoo1i«,.o*;«^«*«*;^« - J t 

«f™««« * -J ♦T J* . decelerating motion and some of the motion may be at 

reference characters identify correspondmg apparatus ^jg^ speed 

^CTr-^]"?* uj A- r .1 ^5 Regardless of how the relationship between the exter- 

FIG. 1 IS a block diagram of a conventional step „^ .^ference location and the home position is defmed, 

motor with an external reference location; if they are different then the motor iust be allowed to 

FIG. 21S a block diagram of apparatus to implement ^^^^ f,^^ ^he position at which the external reference 

one aniKKliment of the mvenUon; ^^^^^ ^he expected or predicted home position 

FIG. 3 relates step motor phase state and rotor dis- 40 before a step of the invention is applied to correct for 

placement with an external reference location; misalignment. In the case of FIGS. 4 and 5, if the 

HGS. 4-6 show different relationships between an stored phase state corresponds to the reference location 

external reference ocation and a home locaUon; (rather than the home position) the inventive correction 

FIG. 7 IS a functional block diagram lUustratmg the can be applied at the reference location. The essential 
steps earned out m accordance with an embodiment of 45 point is that the correction determined by the invention 

J^^t^o°\^^ ..... is aPPhed at that location at which the stored phase state 

FIGS. 8 and 9 are state diagrams useful m descnbmg ^as determined, 

the operation of control 119. piG. 7 is a functional description of the various steps 

DETAILED DESCRIPTION OF A PREFERRED effected by operation of the invention. The motor is 

EMBODIMENT started, i.e. energized, and stabilized by function Fl. 

^ , 1 . Function F2 steps the motor until the external reference 

FIG. 1 shows a block diagram of a step motor whose is located. Typically other procedures would be used to 
position repeatability can be improved in accordance assure the just initiaUzed motor controller is "aware" of 
with the present mvention. More particularly, as shown the direction the motor need be stepped in to locate the 
m FIG. 1 a step motor 10 is arranged to drive (rotate) a 55 external reference. This can be accomplished for exam- 
load shaft 11; the step motor 10 is controlled by a con- pie by always moving the motor to a predetermined 
troUcr 12, one mput of which is provided by an external location when it is stopped and thereafter always con- 
position reference. The external position reference trolling the motor to step, from that assumed position 
shown in FIG. 1 is developed by a notched disk 13 toward the external reference location. Those skilled in 
attached to the shaft 11 which develops an optical signal 60 the art are aware of other procedures which can be 
when the shaft 11 is at one particular orientation by employed to ensure that function F2 can be successfully 
passing light from an LED 14 to a photodetector 15. performed. Function F3 is then performed to provide 
Those skiUed in the art will understand that this particu- the defined offset between the external reference loca- 
lar external reference will develop an electrical signal tion and the home position, if any. That defined offset 
corresponding to one position in the shaft for every 360' 65 can be for example the definition shown in any of FIGS, 
of rotation; there are other conventional external refer- 4-6. At the conclusion of step F3 the motor is either at 
enc^ which do not have this 360' ambiguity, and a the desired home position or misaligned with that home 
reading of the application will reveal that any external position by plus or minus one step. Function F4 deter- 
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mines whether this is a cold or a warm start, e.g. has 
memory been retained over the last on/ofF and off/on 
transitions? If memory is not retained then this is a cold 
start and function F5A is performed to save the present 
phase state of the motor. On the other hand if this is a 5 
warm start then function FSB is performed to control 
the motor to achieve the saved motor phase state. As 
has already been described in the course of executing 
step FSB the motor may be moved plus or minus one 
step, or remain unmoved if there was no misalignment 10 
error. 

In the event controller 12 is or includes a computer, 
then the invention can be implemented by software 
performing the function of FIG. 7. 

FIG. 2 is a block diagram of apparatus (as an altema- IS 
tive to that just described) that can be employed in 
accordance with the invention. More particularly, FIG. 
2 shows that an oscillator 120 drives a control element 
119. The control element 119 provides step, rate and 
direction information to a phase sequencer logic 122. 20 
The phase sequencer logic 122 outputs an identification 
of the next motor phase state, which is coupled to the 
motor driver (not illustrated). The control clement 119 
is also subjected to a sense input from the device sensing 
the external reference location (for example the photo 25 
responsive diode IS, FIG. 1). The control element 119 
also receives an input from a flip-flop 123 identifying 
whether or not a warm or a cold start (as previously 
defmed) is being performed. And finally the control 
element 119 receives the output of a compare element 30 
126 to identify whether or not a correction is necessary, 
and if it is, the sense of that correction. In addition to 
driving the phase sequencer logic 122, the control ele- 
ment 119 also provides a WRITE signal to a phase state 
storage 125. The phase state storage 125 also receives 35 
motor phase state information from the phase sequencer 
logic 122, and in the presence of the WRITE signal, 
writes that information for future reference. The stored 
phase state information, stored in the storage 125 is 
provided as an input to the compare element 126, the 40 
■ other input of which is provided by the output of the 
phase sequencer logic 122, e.g. the motor phase state. 
Thus the comparator 126 can determine whether or not 
its two inputs are equal, and in the event of an inequal- 
ity, determine the sense of that inequality to provide the 45 
input for the control element 119 already described. 

The flip-flop 123 is the apparatus employed to deter- 
mine whether or not a warm or a cold start is being 
effected. The flip-flop 123 receives a resetting signal in 
the form of a FOR (power on reset). Accordingly, the 50 
flip-flop 123 is, absent other input signals and subse- 
quent to receipt of a FOR, in a reset state. In the event 
that subsequent to the last PGR, the control element 119 
outputs the WRITE signal, the flip-flop 123 will be in a 
set state since the WRITE signal is coupled to the set 55 
input of the flip-flop 123. If the phase state storage 125 
had been rewritten subsequent to the last PGR, then the 
flip-flop 123 indicates any start operations are warm 
starts. On the other hand, if a PGR is received subse- 
quent to any WRITE signals, then the flip-flop 123 60 
indicates any starting operation as a cold start 

The functions performed by the control element 119 
insofar as they are relevant to the invention are de- 
scribed in connection with FIG. 8. FIG. 8 shows five 
different states for the control 119 and these are identi- 65 
fled as Sl-stop, S2-homc, S3<orrect, S4-save and S5- 
run. With respect to each state, the conditions of the 
step output and the write signal are identified. In addi- 
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tion, the conditions under which a transition is effected 
are also defined as well as the state to which the transi- 
tion brings the machine. Step=True(T) indicates that 
the controller 119 provides step pulse and direction 
commands to the phase sequencer 122. 

For example, the machine undergoes a transition 
from SI to S2 in the presence of an initialization (INIT) 
which may or may not include a PGR (power on reset). 
Under these circumstances, the step output changes to 
true, to move the motor; we remain in this state until the 
sensor input is active, identifying that we have reached 
the predetermined reference location. 

The transition from state S2 is then either to states SI, 
S3 or 84, depending on the outputs of the flip-flop 123 
(warm or cold) and the output of the comparator 126 
(equal or unequal). There is a transition from state S2 to 
state S3 when the comparator indicates an inequality, 
e.g. there is a correction to be made during the course of 
a warm start, e.g. phase state information has been re- 
tained. In state S3, the control element provides a step 
command to the phase sequencer logic 122 along with a 
direction command determined by the sense of the error 
detected at the comparator 126. The transition, thereaf- 
ter is to state SI. At this point the stepping motor system 
has been initialized to the predetermined phase state 
corresponding to the phase state saved in the phase state 
storage 125. 

On the other hand, for a cold start, the transition is 
from state S2 to state 84. In state 84 the control element 
119 does not provide a correction to the phase se- 
quencer logic 122 (the step command is false) but rather 
the WRITE signal becomes true. This provides for 
rewriting the phase state storage 125, as well as setting 
the flip-flop 123. The transition from state 84 is to state 
81. 

If the conditions input to the control element 119 
indicate that a warm start is being performed and there 
is no need for correction (the compare element 126 
indicates an equality) then the transition is from state 82 
to state 81. 

State S5 is shown to indicate control of the step 
motor subsequent to initialization, e.g. this is the run 
state. This transition is effected in response to a move 
command (which, as with the INIT command, is input 
to the control element 119 from apparatus not illus- 
trated). During the run state the step output is true and 
the write output is false. This state is maintained until 
the move has been completed and thereafter the transi- 
tion is back to state 81. 

The foregoing description of the various states of the 
control element 119 has been provided in connection 
with an embodiment of the invention in which the refer- 
ence location and the home position are identical. 

For the general case in which the reference location 
and home position are different, the state diagram of 
FIG. 9 is employed, FIG. 9 is generally similar to FIG, 
8 except that during the initialization process the transi- 
tion from step 81 is to a new step 86, the reference state. 
The reference state has the step output true, and the 
write output false, and is maintained until the sensor 
output is detected. When the sensor output is detected, 
a transition is made to the home state 82. The home 
state 82 is similar to the state 82 of FIG. 8 except that it 
is maintained while OFFSET is false, e.g. until the 
stepping motor has made the n step move between the 
reference location and the home position. When OFF- 
SET is true, then the transition is to one of three states, 
to the stop state 81, the correct state 83 or the save state 
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S4. based on essentially the same conditions referenced 
in FIG. 8 for the transition from state S2 to states SI, S3 
or S4. 

Operation of the apparatus shown in FIG. 2 should 
by now be apparent, especially in connection with the 
definition of the control element 119 provided by FIGS. 
8 and 9. More particularly, whenever a cold start is 
effected, the stepping motor is driven until the reference 
location is sensed. At that point any offset between the 
reference location and the home position is used to 
provide further motion for the stepping motor. When 
the home position is reached, the phase state of the 
machine is saved. Thereafter the machine can be oper- 
ated in accordance with conventional techniques. If at 
any time subsequent thereto the machine must be reini- 
tialized, e.g. it has broken phase or the output shaft has 
been manually moved, or for any other reason, the • 
initializing input is arranged to drive the stepping motor 
to search for the reference location. When the reference 20 
location is found, the stepping motor is further moved 
in accordance with the offset between the reference 
location and the home position (if any). At that point, 
the motor phase state is compared to the save state, and 
if a correction is necessary it is effected. Thereafter, the 
machine can be operated in accordance with conven- 
tional techniques. 

In the foregoing description, the FOR input has been 
used to represent an event occurring subsequent to loss 3Q 
of memory in the phase state storage 125. If the phase 
state storage 125 is non-volatile (does not require power 
to maintain memory), then the signal FOR is produced 
only as a result of a mechanism change, regardless of 
whether or not other components in the stepping motor 35 
system are ever deenergized. Accordingly, as employed 
in the application, FOR is present only when the step- 
ping motor system is to be initialized and the phase state 
storage 125 does not contain meaningful phase state 
data for initialization purposes. 

Those skilled in the art will be aware that other and 
different variations can be employed without departing 
from the spirit and scope of the invention which is to be 
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means for determining availability of previously writ- 
ten phase state data in said read/write memory 
means; and 

correction means for driving said step motor to bring 
an actual phase state of said step motor into corre- 
spondence with said stored data. 

2. The device of claim 1 further including: 
control means enabled in response to a determination 

of unavailability of previously written phase state 
data by said means for determining to detect a 
phase state of said step motor; and 
write means for writing said detected phase state of 
said step motor into said read/write memory 
means. 

3. The apparatus of claim 1 including: 
means responsive to said position signal to execute a 

predetermined move of said step motor and subse- 
quently to enable operation of said correction 
means. 

4. The apparatus of claim 2 including means respon- 
sive to said position signal to execute a predetermined 
move of said step motor, and subsequently to enable 
said control means. 

5. A method of positioning a step motor to overcome 
misalignment errors as a resuh of loose manufacturing 
tolerances including: 

(a) providing a phase state storage for storing data 
definitive of a specified phase state of said step 
motor; 

(b) energizing said step motor and searching for a 
position signal defining an external reference loca- 
tion; 

(c) determining whether said phase state storage re- 
tains data definitive of a specified phase state of said 
step motor; and 

(d) if such specified phase state data is retained, there- 
after controlling the phase state of said step motor 
to achieve said stored phase state. 

6. The method of claim 5 which includes, if such 
40 specified phase state data is not retained, the further step 

of: 

(e) and in lieu of said step (d), storing specified phase 
state data in said phase state storage. 

7. The method of claim 5 including the further step, 
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construed in accordance with the attached claims. u * * * /vx j • ^ 

Having thus described our invention, what we claim ^tep (b) and prior to step (d) of: 

as new, Ld desire to secure by Letters Patent isr ^^^^ a predetermmed move of said 

1. A positioning device comprising: 
a step motoi^ 



tor. 



step mo- 



8. The method of claim 6 includmg the further step, 
subsequent to step (b) and prior to step (e) of: (f) execut- 



position sensor means coupled to said step motor to 50 ing a predetermined move of said step motor. 



generate a position signal when said step motor is at 
a predetermined location; 
read/write memory means for storing data defining a 
phase state of said step motor; 



9. The method of claim 8 in which the specified phase 
state data stored in step (e) defines a phase state of the 
step motor subsequent to the move of step (f). 
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